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SPECIFICATIONS 



1. Title of the Invention 

PREPARATION OF ALLYLIC ALCOHOLS 

2. Claim 

A method of preparation of allylic alcohols represented by the formula 




C I r 



from limonene mono-epoxide represented by the formula 




C I ) 



by ring-opening using alkyl titanate represented by the formula Ti(OR) 4 in 
which R is a straight or branched C ,-C alkyl group. 



3. Detailed Explanation of the Invention 



This invention concerns a method of preparation of 2-methylene-5-iso- 
propenylcyclohexane-l-ol and 2- nethyl-5-isopropenyl-2-cyclohexene-l-ol (rep- 
resented by Formula I*) from limonene mono-eopxide represented by Formula I, 
by the opening of the epoxide ring by alkyl titanate. 

Several methods for the ring opening of limonene mono-epoxide (I) have 
been proposed in the past. These include a method using Lewis acid (zinc 
bromide) (J. Org. Chem. 29.* 616, 1964), one using alumina (Bull. Soc. Chim. 
Fr. 2867, 1966), and one using aluminum isopropoxide (Israel J. Chem. 6, 713, 
1968) . 

These methods are unsatisfactory for obtaining ally lie alcohols. The 
yield and selectivity are poor and considerable amounts of by-products are 
formed. 

The method of our invention involves ring opening of the starting mater- 
ial, i.e., limonene mono-epoxide (I), by a simple procedure in the presence 
of alkyl titanate to obtain allylic alcohols (I') at high selectivity and 
yield, with minimal formation of by-products. 

The advantages of this invention are 1) the desired product is obtained 
by a simple operation at good selectivity, 2) good yield, and 3) minimal 
formation of by-products which are difficult to separate. Thus the invention 
presents many advantages not found in conventional methods. 

The objective of this invention, therefore, is to provide a method by 
which allylic alcohols are made much more advantageously than by existing 
procedures. 

Allylic alcohols (I') obtained by our invention are themselves important 
perfume materials, but they are also intermediates for (-)-carvone which is 
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important in the perfume industry. To prepare (-)-carvone from allylic 
alcohol, the known oxidation procedure of converting allylic alcohol to 
ketone may be used. Oxidants used for this purpose include silver carbonate 
in the presence of diatomaceous earth; oxygen-containing derivatives of 
transitional elements such as chromium and manganese, for example, chromium 
trioxide, chromic acid, chromic ester, bichromate, manganese dioxide, and 
permanganate; dehydrogenation catalysts such as copper and silver; gaseous 
oxygen in the presence of the usual free radical type of reaction initiator; 
and aluminum alkoxide in the presence of ketone. By this procedure (-)- 
carvone is obtained in good yield from allylic alcohol (I 1 ). 

Limonene mono-epoxide (I), the starting material for this invention, may 
be obtained in good yield by epoxyf ication of limonene in chlorine-containing 
hydrocarbon solvent such as chloroform, methylene chloride, trichloroethy- 
lene, and dichloroethane , in the presence of a buffer such as the sodium or 
potassium salt of fornu.9, acetic, propionic, butyric, oxalic, citric, or 
tartaric acid, using peracids such as peracetic, perbenzoic, monochloro- 
perbenzoic, and perphthalic acid. 

This invention is carried out simply and easily as follows. Limonene 
mono-epoxide (I) is allowed to react with alkyl titanate in the atmosphere 
or in inert gas such as nitrogen, without solvent or in solvent such as 
inert hydrocarbon or halogenated hydrocarbon. After completion of the reac- 
tion, a great excess of water or dilute hydrochloric acid is added and the 
reaction product is extracted with a suitable solvent. Since the desired 
product is extracted in the solvent phase, the said phase may be washed or 
neutralized and then washed as required to remove the solvent to obtain the 
desired allylic alcohol (I 1 ). If required, the product may be further 
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purified by distillation, etc. 

Solvent is not essential in this invention, but if used, inert hydro- 
carbon or halogenated hydrocarbon is suitable. Specific examples are benzene, 
toluene, xylene, ethyl benzene, isopropylbenzene, n-hexane, n-heptane, n- 
octane, d ich lor ome thane, chloroform, dichloroe thane , chlorobenzene , and 
bromobenzene. These solvents may be used singly or as mixtures. The usual 
amount of solvent is from 0 to 20 times by weight of limonene monoepoxide. 

Alkyl titanate used as catalyst in ring-opening of limonene mono-epoxide 
may be methyl titanate, ethyl titanate, n-propyl titanate, isopropyl titanate, 
n-butyl titanate, isobutyl titanate, n-pentyl titanate, isopentyl titanate, 
n-hexyl titanate, n-heptyl titanate, n-octyl titanate, n-nonyl titanate, 
and n-decyl titanate. They may be used individually or as mixtures. The 
amount should be 0.01 - 2 times the wieght of limonene mono-epoxide , but 
actually the reaction proceeds very well when 0.05 to 0.2 times the weight 
of the epoxide is used, 'and virtually no residue of the starting material is 
found. 

The reaction temperature may vary over a range of 20 - 200°C. , but to 
leave no unreached material and to complete the reaction is a short time, 
the temperature should be above 80°C. The reaction time may be adjusted 
depending on the presence or absence of solvent, the amount and type of 
solvent, the amount and type of alkyl titanate, and the reaction temperature. 

Examples and References are given below to further explain the invention. 

Example 1 

To 30.4 g. of limonene mono-epoxide , 3.0 g. of isopropyl titanate was 
added and stirred for 12 hours in a stream of nitrogen at 140 - 150°C. 
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After completion of the reaction, the material was cooled and the product was 
poured into 200 ml. of 1 N HC1. The material was extracted with diethyl 
ether, the ether layer was neutralized, washed with water, and dried with 
Glauber's salt, and ether was removed to obtain the crude product. This was 
distilled under reduced pressure to obtain 25.2 g. of 2-methylene-5-isopro- 
penylcyclohexane-l-ol and 2-methyl-5-isoproponyl-2-cyclohexene-l-ol in a 
1:1 proportion, the yield relative to limonene mono-epoxide being 83%. The 
structure of the product was determined by comparison of GLC, MS, and IR with 
those of model compounds. 

Example 2 

Limonene mono-epoxide (20.0 g.) and 1.0 g. of isobutyl titanate were 
placed in a pressure cooker and allowed to react for 8 hours under nitrogen 
pressure of 5 - 6 kg/cm at 170 - 180°C. After cooling, the product was 
poured into 200 ml. of IN HC1 and extracted with benzene. The benzene layer 
was neutralized and washed, and benzene was removed to obtain a crude product. 
This was distilled under reduced pressure to obtain 18.4 g. (yield = 92%) 
of 2-methylene-5-isopropenyl-cyclohexane-l-ol and 2-methyl-5-isopropenyl- 
2-cyclohexene-l-ol in a 3:2 proportion. 

Example 3 

To a solution consisting of 40.0 g. of limonene mono-epoxide and 40.0 g. 
of xylene, 8.0 g. of methyl titanate was ;added and allowed to react for 15 
hours at 135 - 140°C. The product after cooling was poured into 400 ml. of 
5% acetic acid. The xylene layer was neutralized and washed, and xylene was 
removed to obtain a crude product. By vacuum distillation, 31.2 g. (yield = 
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78%) of 2-methylene-5-isopropenyl-cyclohexane-l-ol and 2-methyl-5-isopro- 
penyl-2-cyclohexene-l-ol in a r > : 4 proportion wore olitainod. 

Example 4 

To a solution of 10.0 g. of limonene mono-epoxide in 30.0 g. of toluene, 

5.0 g. of ethyl titanate was added and allowed to react for 20 hours at 90 - 
o_ 

iuu c Arter cooling, tne product was poured into 200 mi. of 2 N sulfuric 
acid. After extraction with ether, the ether layer was neutralized and 
washed, and ether was recovered to obtain a crude product. This was vacuum- 
distilled to obtain 6.8 g. (yield = 85%) of 2-methylene-5-isopropenyl- 
cyclohexane-l-ol and 2-methyl-5-isopropenyl-2-cyclohexene-l-ol in a 1:1 pro- 
portion, plus 2.0 g. of unreacted limonene mono-epoxide. 

Reference 1 

Preparation of limonene mono-epoxide : 

To a mixture of 68.0 g. of (+) -limonene , 10.0 g. of anhydrous sodium 
acetate, and 400 g. of methylene chloride, a solution consisting of 110 g. 
of 40% peracetic acid; 5.0 g. of anhydrous sodium acetate, and 100 g. of 
methylene chloride was added over a period of 2 hours at 5 - 10°C. After 
completion of the addition, the reaction was allowed to proceed for 30 min- 
utes more at 15 - 20°C. The reaction mixture was poured into water, and the 
methylene chloride layer was neutralized with soda lime water and washed 
with Water. By removing methylene chloride a crude product was obtained. 
This was vacuum-distilled to obtain 70.0 g. (yield relative to limonene = 
92%) of limonene mono-epoxide. 
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Reference 2 

Preparation of (-)-carvone: 

a) To a solution of 15.2 g. of 2-methylene-5-isopropenyl-cyclohexane- 
l-ol and 2-methyl-5-isopropenyl-2-cyclohexnen-l-ol in a 1:1 mixture in 50.0 
g. of acetone, a solution consisting of 15.0 g. of chromic trioxide, 15.0 g. 
of concentrated sulfuric acid, and 70.0 g. of water was added over a period 
of 2 hours at 5 — J.0°C* After completion of the addition, the reaction was 
allowed to proceed for 2 hours longer at 10 - 20°C. A large excess of water 
was added and the product was extracted with ether. The ether layer was 
neutralized with soda lime water and washed, and ether was removed to obtain 
a crude product. This was vacuum-distilled to obtain 13.9 g. of (-)-carvone 
at a purity of 98% and a yield of 93%. 

b) A mixture consisting of 15.2 g. of 2-methylene-5-isopropenyl-cyclo- 
hexane-l-ol and 2-methyl-5-isopropenyl-2-cyclohexene-l-ol in a 1:1 mixture, 
8.0 g. of aluminum isopropoxide , 10.0 g. of cyclohexaone , and 50.0 g. of 
xylene was allowed to react for 5 hours at 135 - 140°C. After cooling, the 
material was poured into 200 ml of IN HC1, the xylene layer was neutralized 
with soda lime water and washed, xylene was removed , and the product was 
vacuum-distilled to obtain 12.3 g. (yield = 82%) of (-)-carvone at a 
purity of 88 %. 



